Recent research has emphasised how testing helps students to learn and remember information, both in the laboratory and in the classroom (for reviews see Bangert-Drowns, Kulik, & Kulik, 1991; Roediger & Karpicke, 2006a) . Studies with adults have shown that practice retrieving information (e.g., by recalling it) can benefit memory more than other popular learning techniques, including re-reading (Roediger & Karpicke, 2006b) , creating a concept map (Karpicke & Blunt, 2011) , and note-taking (McDaniel, Howard, & Einstein, 2009) . Testing is a powerful learning strategy, in part because it requires effort on the part of the learner and also because retrieval practice matches the task the learner will ultimately face (namely, retrieval). These benefits are not limited to undergraduates; for example, early work by Gates (1917) demonstrated that testing helps children as young as third graders to learn biographical facts. Although much of the pertinent work with children has not involved educational materials, the basic principle is clear: Recalling information from memory helps children to remember a wide range of materials, including stories (second graders; Petros & Hoving, 1980) , names of toys (preschoolers; Fritz, Morris, Nolan, & Singleton, 2007) , games (first and fourth graders; Baker-Ward, Hess, & Flannagan, 1990) , and medical events (children aged 3 to 7 years; Goodman, Bottoms, & Schwartz-Kenney, 1991) .
Less clear is whether children benefit from multiple-choice testing, even though instructors frequently prefer multiple-choice tests since they are easier to grade and are often perceived as more objective. The first issue is that selecting an answer from a list of multiple-choice options requires less retrieval effort than does generating a response from memory (Kang, McDermott, & Roediger, 2007) . However, a second issue is that multiple-choice tests (by design) expose students to plausible incorrect answers, meaning that such tests have the potential to teach students errors. Undergraduates judge multiple-choice lures as truer after seeing them on an earlier multiplechoice test (Toppino & Brochin, 1989; Toppino & Luipersbeck, 1993) , and testing increases the likelihood that undergraduates will answer later general knowledge questions with multiple-choice lures (Roediger & Marsh, 2005) . This negative testing effect persists over a 1-week delay and occurs for different types of questions (Fazio, Agarwal, Marsh, & Roediger, 2010; Marsh, Agarwal, & Roediger, 2009; Marsh, Roediger, Bjork, & Bjork, 2007) . The present work focuses on whether school-aged children show a similar negative testing effect, and how the size of any cost compares to the size of any benefit received from answering multiple-choice questions.
In his classic work with children, Spitzer (1939) argued that educational tests allow rehearsal of errors as well as correct answers, although he did not test this empirically. To our knowledge this question about children's memories has not been examined using educationally relevant materials and procedures, although there have been explorations of the negative consequences of testing episodic memories. For example, it is well documented that suggestive questioning techniques influence child eyewitnesses (Ceci & Bruck, 1993) . Perhaps most relevant is Brainerd and colleagues' demonstration that children sometimes mistakenly misattribute lures encountered during a recognition test to an earlier study phase (the mere testing effect; Brainerd & Mojardin, 1998; Brainerd & Reyna, 1996) . Source confusions play a large role in these kinds of episodic memory errors (e.g., Bright-Paul, Jarrold, & Wright, 2005; Giles, Gopnik, & Heyman, 2002) , with the child misattributing information from a recent source (the suggestive interview, the test) to an earlier time and place (the original witnessed event, the study list). To link to this literature on suggestibility in episodic memory, we tested children aged 6 to 8 years old (second graders). However, it is not clear that learning errors from general knowledge tests will work the same way as suggestibility in these episodic memory paradigms. General knowledge tests do not require the learner to think back to a particular time and place; instead, general knowledge tests encourage the learner to rely on the fluency with which answers come to mind (Kelley & Lindsay, 1993) .
Because knowledge is often unassociated with its original context of learning (e.g., Conway, Gardiner, Perfect, Anderson, & Cohen, 1997) , an additional goal was to explore children's awareness of any learning from multiple-choice testing. Past work indicates that 4-and 5-year-olds often struggle to judge what they just learned, overestimating what they knew prior to learning facts from a storybook (Esbensen, Taylor, & Stoess, 1997; Taylor, Esbensen, & Bennett, 1994) . Of particular interest was whether an illusion of prior knowledge would accompany any negative testing effect observed; that is, if testing increases children's likelihood of answering later questions with multiple-choice lures, will children believe they knew these answers before the experiment or will they acknowledge learning them in the experiment? To the extent that children are aware of learning from the multiple-choice test, it would suggest that source monitoring instructions might help children avoid the negative testing effect (see Poole & Lindsay, 2002 for an example of source instructions reducing suggestibility in episodic memory).
A related goal was to explore whether any negative testing effect would be eliminated if children were told the correct answer immediately after answering each question, as occurs with undergraduates (Butler, Karpicke, & Roediger, 2008) . Several issues made it unclear whether children would benefit from such feedback. First, not a lot is known about how second graders use feedback, as most studies have involved children who are slightly older (for demonstrations with fourth to sixth graders see Bardwell, 1981; Kippel, 1975; Peeck & Tillema, 1978; Peeck, Van Den Bosch, & Kreupeling, 1985; Travers, Van Wagenen, Haygood, & McCormick, 1964) . Kindergarteners benefit from feedback when learning to pluralise words, but the effects are small (Bryant & Anisfeld, 1969) . Furthermore, none of these studies separated feedback's role in error correction (Pashler, Cepeda, & Wixted, 2005 ) from whether it helped learners 900 MARSH, FAZIO, GOSWICK to maintain correct answers . Finally, in adults, the benefits of feedback depend on the confidence with which responses are made Butterfield & Metcalfe, 2001) , and sometimes children are not as skilled as adults when judging confidence (e.g., Roebers, 2002) . To address this concern, children in the present study indicated the confidence with which they made each answer, allowing us to examine the relationship between confidence and accuracy, and whether confidence in individual answers affected children's ability to benefit from feedback.
To preview, we conducted an experiment with second graders to observe the positive and negative memorial consequences of multiplechoice testing. Children answered multiple-choice questions about a subset of facts that were tested on a later general knowledge test. Some children received immediate feedback on their multiplechoice answers, to allow us to examine its consequences for later performance. In both conditions, the multiple-choice test included easy and hard questions, to ensure that responses would be made with a range of confidence, and to examine whether children were more likely to endorse and repeat multiple-choice lures for unfamiliar topics. After the children took the final general knowledge test, they made source judgements about where they believed they had learned their answers. Overall, the goal was to document the negative testing effect in children, and to understand situations that might reduce or eliminate it.
METHOD Participants
Thirty-six second graders were recruited from the community to participate in a laboratory experiment (mean age 07.71, SD 0.55, 64% female, ranging from 6.73 to 8.74 years). Of these, 14 children were assigned to a control no-feedback condition and 22 were assigned to a feedback condition; mean age did not differ across conditions, t(34) 01.16, SE 0.19, p .25. Additional children were tested in the feedback condition to allow for more detailed analyses of error corrections. Parents received monetary compensation and children received prizes for participating.
Design
The design was a 2 (Feedback: None vs Immediate))2 (Multiple-Choice Testing: Not Tested vs Tested))2 (Question Difficulty: Easy vs Hard) mixed design. Feedback was manipulated between-participants whereas multiplechoice testing and question difficulty were manipulated within-participants.
Materials
Forty-eight questions on science, history, geography, and other educational topics were selected from Brain Quest † flashcards. Brain Quest † questions are categorised by grade; second grade questions (Feder, 2005a) were used for easy items and fourth grade questions (Feder, 2005b) were used for hard items. Parallel multiple-choice and short answer questions were created; the correct answer was paired with three plausible lures for each multiple-choice question, whereas each short answer question had exactly the same question prompt, but was open-ended. The easy questions (in multiple-choice format) included, ''What country did the Pilgrims come from: England, Germany, Ireland, or Spain?'' and ''What continent has the most ice on it: Antarctica, Asia, Europe, or North America?'' Hard questions (in multiple-choice format) included ''What part of your body is covered with enamel: bones, nails, skin, or teeth?'' and ''What country has the largest population in the world: China, India, Japan, or Russia?''. The multiple-choice test contained 24 questions (12 easy and 12 hard; half of the total set), which were asked in a single random order. Two versions of the test were created to counterbalance which questions were asked on the multiple-choice test across children. The final short answer test contained all 48 questions, which were asked in a single random order. A source test was created to probe children's beliefs about where they had learned various facts. For each item, the experimenter restated the child's short answer response (e.g., ''You said that spring is another word for autumn'') and asked ''Where did you learn that from?''. A picture board was created to cue children to the possible sources of their responses. The board contained four photographs: a family to represent home, a teacher in a classroom to represent MEMORIAL CONSEQUENCES OF TESTING CHILDREN 901 school, the experimenter to represent here (the experiment), and a question mark to represent ''I don't know''. The source questions were presented in the same order as the short answer questions; however, source questions were not asked for ''I don't know'' responses on the short answer test.
Procedure
Each parent or guardian gave written consent for their child's participation and for tape-recording of the session. After each child verbally assented to participate, the experimenter explained the procedure. The child first completed the initial multiplechoice test; all testing was done aloud and the experimenter recorded the child's responses. The experimenter explained that the child should answer each question, even if she had to guess. After the child answered a practice question (''Where does a farmer work: a farm, a library, a restaurant, or a zoo?''), she indicated her confidence in her answer using a 3-point scale, by pointing to one of three drawings on a picture board (taken from Figure 1 of Woolley, Boerger, & Markman, 2004) . The picture board showed a smiling child for ''really sure'', a thinking child for ''a little sure'', and a confused child for ''not so sure''. This procedure was repeated for a second practice question, ''What language do they speak in the Netherlands: Dutch, English, French, or German?''. The two practice questions were constructed so that one would be easy to answer (farm) and one would be difficult (Dutch), so that the experimenter could ensure the child was using the confidence scale correctly. A second set of practice questions was available in case it was unclear whether the child understood the confidence scale, but was never needed.
Across conditions, the multiple-choice test differed in one important way: Children in the feedback condition received immediate feedback on their answers, whereas children in the control group never received feedback. Feedback was always delivered immediately after a child rated her confidence in her response, and took the form of a statement (e.g., ''The Pilgrims came from England''). Children in the feedback condition received feedback for all answers, whereas the experimenter simply proceeded to the next question for children in the control no-feedback condition. All children were told that some of the questions might be hard, and that they should pick whichever choice they thought was best. Children in the feedback condition were also told ''If you get an answer wrong, just try to learn the correct answer when you hear it.'' Halfway through the multiple-choice test, all children received a sticker to maintain motivation and attention for the remainder of the task.
After completing the multiple-choice test, all children completed a filler task, which involving solving paper-and-pencil mazes for approximately 1.5 minutes.
In the third phase of the experiment all children completed the 48-question short answer test, which the experimenter read aloud. For this test, children were warned against guessing and told to respond ''I don't know'' instead. All children received a sticker halfway through this test.
Lastly, the experimenter administered the source test, which required the child to attribute each of their answers (except for ''I don't know'' responses) to one of four categories. The experimenter first restated each short answer response and then asked the source question (e.g., ''You said that a square has four corners. Where did you learn that from?''). The child either answered verbally or pointed to one of the four board pictures (home, school, here, I don't know). If the child responded with a source distinct from the four categories provided (e.g., ''I learned that at the beach''), the experimenter recorded the answer verbatim for later coding.
Finally, the experimenter explained the study to the child, thanked her, and provided a prize. The parent received a written debriefing and his/ her compensation. All children were tested individually and the experiment lasted approximately 30 minutes.
RESULTS
All differences were significant at the pB.05 level unless otherwise noted.
Multiple-choice test performance
On average, children answered 55% of the multiple-choice questions correctly, and they performed better on easy questions (M 0.66, SD 0.13) than hard ones (M 0.45, SD 0.15) ,  F(1, 34) 
Performance on the final short answer test
Two trained coders classified each short answer response as the correct answer, one of the multiple-choice lures, another wrong answer, or ''don't know''. They agreed on 99% of judgements and the third author resolved all discrepancies. We begin with the correct answers, as shown in Table 1 . Children showed a robust positive testing effect on the final short answer test, performing better on questions that had appeared on the prior multiple-choice test (M 0 .59, SD 0.21) than on questions being tested for the first time (M 0.25, SD 0.13), F(1, 34) 0 153.62, MSE 0 .02, g 2 p ¼ :82. The benefits of testing were similar for easy and hard questions, FB1, and were greater for the participants who received feedback during the multiple-choice test, F(1, 34) 029.41, MSE 0 .02, g 2 p ¼ :46. However, as shown in Table 2 , prior testing also increased the likelihood that children answered final short answer questions with multiplechoice lures (M 0.10, SD 0.12), as compared to the baseline for items that had not been tested previously (M 0.03, SD 0.04) , F(1, 34) 
Connecting multiple-choice and short answer performance
To better understand the effects of feedback, we examined how performance on the short answer test changed as a function of whether multiplechoice selections were correct or incorrect, as well as the confidence with which these selections were made.
Receiving feedback clearly aided children's error correction. Error correction was defined as producing the correct answer on the final test, after selecting an incorrect multiple-choice lure. In the control no-feedback condition, children only corrected 2% (SD 0 5%) of errors made on the initial multiple-choice test. In contrast, 57% (SD 021%) of multiple-choice errors were corrected following feedback, which was significantly better than the error correction observed in Butterfield & Metcalfe, 2001) . Following feedback, children appeared more likely to correct their highconfidence errors (M 0.65, SD 0.42, n 0 14) than those made with medium (M 0.54, SD 0.28, n 022) or low confidence (M 0.40, SD 0.29, n 014). However, no analysis is reported as only 6 of the 22 children in the feedback condition made errors with all three levels of confidence. A second function of feedback involves the maintenance of correct answers. Because work with adults indicates that this benefit is normally linked to low confidence correct answers , we computed a 2 (Feedback Condition) )3 (Confidence) ANOVA on the proportion of correct multiple-choice selections that were retained on the final test. Critically, the interaction between feedback condition and confidence level was significant, F(2, 32) 014.65, MSE 0.05, g In summary, feedback had two separate effects: It helped children to correct their errors and it helped them to retain correct guesses, both of which are consistent with the patterns normally observed in adults Fazio, Huelser, Johnson, & Marsh, 2010) .
Source attributions
Children reported their beliefs about where they had learned their answers to the short answer questions. Although these source judgements cannot be objectively validated, and are open to item selection effects, they yield a sense of children's awareness of learning during the experimental session. Our focus is on items that were previously tested on the multiple-choice test, since only these items should potentially be attributed to experimental learning. Table 3 shows the proportion of answers that were specifically attributed to learning during the experiment, attributed to learning from preexperimental sources (the sources ''home'', ''school'', and other specific pre-experimental sources were collapsed to form this category), or not attributed to a specific source.
The left portion of Table 3 shows children's source attributions for correct answers. Only feedback participants were aware that some of their correct answers had been learned in the experiment. Children who received feedback stated that they learned 36% of their correct answers in the experiment, compared to only 5% for children in the control group, t(34) 05.55, SED 0.06, d 01.95.
Of particular interest was whether children were aware of learning multiple-choice lure answers in the experiment. The data in the right portion of Table 3 are limited to the children who produced at least one multiple-choice lure answer on the short answer test (12 in the no-feedback condition and 13 in the feedback condition). In the control no-feedback condition, almost none of the multiple-choice lures produced on the final test were attributed to the experimental setting. Although children in the immediate feedback condition produced few multiple-choice lures on the final test (see Table 2 ), these children 
DISCUSSION
Without feedback, children showed both positive and negative effects of testing: Answering multiple-choice questions helped them to answer later short answer questions, but it also increased the likelihood that they answered final questions with multiple-choice lures. For easy questions, the benefits of prior testing outweighed the costs. However, for hard questions prior multiple-choice testing yielded a larger increase in multiplechoice lure answers ('23%) than in correct answers ('16%). Although multiple-choice testing was sometimes beneficial, it hurt more than it helped when the questions were difficult and feedback was not provided. Furthermore, children in the no-feedback condition were relatively unaware that they were reproducing lures from the earlier multiple-choice test, instead attributing these answers to preexperimental sources such as learning at school. This illusion of prior knowledge means that source monitoring instructions would be unlikely to help children avoid the negative consequences of multiple-choice testing, in contrast to the benefits of source monitoring instructions in reducing child eyewitnesses' errors (Poole & Lindsay, 2002) . This illusion of prior knowledge fits with the small literature on children's ability to judge the origins of their knowledge, where it has been demonstrated that young children are more likely to overestimate their prior knowledge for facts (the target of the present work) than for behaviours (Esbensen et al., 1997) . It is not surprising that children were unaware of learning from tests, since even adults are often unaware of how tests might change what they know (and instead view tests as neutral assessment devices).
The children who received feedback showed very adult-like patterns of behaviour. First, feedback completely eliminated the negative testing effect, consistent with findings with undergraduates . Also consistent with the adult literature, feedback helped the children to maintain low-confidence correct answers as well as to correct errors (Pashler et al., 2005) . Finally, children appeared to correct more of their high-confidence errors than their erroneous guesses (the hypercorrection effect; Butterfield & Metcalfe, 2001) , although more research is needed on this point.
Overall, multiple-choice tests remain a viable option for educators, even with children as young as second graders. However, the present work highlights one way that errors can enter children's knowledge bases and yield an illusion of prior knowledge. Care should be taken to provide corrective feedback in order to prevent children from reproducing multiple-choice lures on later tests and integrating the errors into their knowledge bases. 
